Introduction
Esophageal squamous cell carcinoma (ESCC) is one of the most aggressive cancers and the overall prognosis for esophageal cancer patients is poor [1] . One of the reasons for this low survival rate is intrinsically resistant to many clinical therapies like chemotherapy and radiotherapy [2] . Tumor development and progression as well as resistance to clinical treatments result mainly from lack of response to apoptotic stimuli. Apoptosis is a genetically controlled mechanism essential for the maintenance of tissue homeostasis, normal development and suppression of oncogenesis [3] . The induction of apoptosis is found to be a common event for different classes of anti-cancer agents. The efficacy of cancer treatments depends not only on the cellular damage they cause but also on the cell's ability to respond to the damage by inducing apoptotic machinery [4] . Accordingly, in cancer, defects in apoptotic pathways lead to cell lack response to apoptotic stimuli and result in resistance to drugs and radiation.
Aurora, a subfamily of serine/threonine protein kinase, includes Aurora-A, Aurora-B and Aurora-C in vertebrates [5] . Increased attention has now been focused on Aurora-A kinase because of its amplification and overexpression in several types of human tumors, such as breast cancer [6] , colorectal cancers [7] and pancreatic cancer [8] . Recently Tanaka [9] and Tong [10] have reported that expression of Aurora-A protein is highly increased in ESCC. Ectopic expression of Aurora-A in murine fibroblasts as well as mammary epithelia induces centrosome amplification, aneuploidy, and oncogenic phenotype [11] , suggesting that when overexpressed, Aurora-A is a potential oncogene. Recent study indicates that Aurora-A overexpression induces a striking increase in resistance to Taxol-induced apoptosis in HeLa cells [12] , also, cells depleted of Aurora-A are sensitive to cisplatin-induced apoptosis in MCF-7 cells, and elevated expression of Aurora-A abolishes this response [13] . Although Aurora-A overexpression has been shown to prevent apoptosis by anti-cancer drugs, however, the molecular mechanisms mediating these effects are largely unknown. In addition, the biological effect of deregulated Aurora-A in ESCC remains to be further defined.
In this report, we transfected an Aurora-A expression vector into ESCC KYSE150 cells and established isogenic cell lines that highly express Aurora-A protein. Then we investigated the role of overexpression of Aurora-A in regulating cell growth and cisplatin-, UV-induced apoptosis. We have found that overexpression of Aurora-A can stimulate cell proliferation and inhibit cisplatin-or UV-induced apoptosis. Small interfering RNA (siRNA)-directed suppression of Aurora-A results in enhanced susceptibility to cisplatin-and UV-mediated apoptosis. In agreement with these observations, overexpression of Aurora-A is found to upregulate the expression of Bcl-2, a potent anti-apoptotic molecule, and inhibition of Bcl-2 by siRNA significantly reduces the Aurora-A's effect on inhibiting apoptosis.
Materials and methods

Cell culture
Human ESCC cell lines, which were generously provided by Dr Shimada in Kyoto University, were grown in RPMI 1640 supplemented with 10% fetal bovine serum (FBS) at 37 ºC under 5% CO 2 and saturated moisture.
Stable transfections and establishment of stable cell lines
Transfections were performed using 8 µl of LipofectAMINE 2000 (Invitrogen Corporation) and 15 µg of pEGFP-Aurora-A (pEGFPAurora-A was constructed by inserting a 1.2 kb fragment of human Aurora-A cDNA into the Xho I and EcoR I site of pEGFP-C1) or 15 µg of pEGFP empty vector. 48 h later, the cells were split at ratios of 1:20 and cultured for 2 weeks in the presence of 400 µg/ml of G418 (Geneticin sulfate, GIBCO). For each transfection, all of the colonies were trypsinized and collected to produce stable cell pools.
Western blot analysis
Western blot analysis was performed as described [3] . Anti-Aurora-A rabbit antibody was obtained from Cell Signaling Technology; anticaspase-3 rabbit antibody, anti-PARP mouse monoclonal and anti-Bcl-2 mouse monoclonal were obtained from Santa Cruz Biotechnology.
RT-PCR
RT-PCR was performed as described [2] . cDNA was amplified using the following Aurora-A primers: 5′-AAT GAT TGA AGG TCG GAT GC-3′ (upstream primer) and 5′-TTC TCT GAG CAT TGG CCT CT-3′ (downstream primer). PCR was performed for 30 cycles under the conditions of annealing at 58 ºC (30 s), extension at 72 ºC (30 s), and denaturing at 94 ºC (30 s) using a Perkin-Elmer thermocycler.
Immunofluorescence
Cells were fixed with methanol for 10 min at -20 ºC. After washing in phosphate-buffered saline (PBS), nuclei were labeled with (4',6'-diamidino-2-phenylindole ) DAPI (0.1 µg/ml) for 15 min in room temperature. Cells were then examined by fluorescence microscopy (Olympus).
Cell growth curve
2×10
4 cells were plated in 60 mm tissue culture dishes (NUNC) in RPMI 1640 10% FBS. The cells were trypsinized and manually counted on days 1, 3, 5, 7 and 9. For each plate, cell count was repeated 3 times to draw the cell growth curve.
Colony formation assay
1×10
3 cells were plated in 100 mm tissue culture dishes. After 14 days, the cells were washed with PBS, fixed with methanol and 0.1% crystal violet. The colonies were manually counted and then photographed.
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay
To assess chemosensitivity to cisplatin, 5×10 3 cells cultured for 24 h in 96-well plates were incubated with different concentrations of cisplatin (10, 15, 20 µM/L) for 72 h. cells were stained with 100 µl sterile MTT dye (0.5 mg/ml, Sigma) for 4 h at 37 ºC, then culture medium was removed and 150 µl of DMSO was added and thoroughly mixed for 15 min. Spectrometric absorbance at wavelength of 570 nm was measured on a microplate reader (Bio-Rad). Each group contained five wells. The value of [A570 (cisplatin+)/A570 (cisplatin-)]×100% indicated the cell survival index.
UV survival assay
Cells were dispensed in 100 mm tissue culture dishes at a density of 3×10 3 cells. After 24 h incubation, they were irradiated with UV (10 J/m 2 , UV irradiation was carried out in 254 nm using germicidal lamps), and the cultures were maintained until the surviving cells formed colonies. The colonies that survived after incubation were then stained with crystal violet, counted, and relative colony numbers were obtained.
DAPI analysis
Cells were treated with 20 µM/L cisplatin or irradiated with UV (30 J/m 2 ) and then further incubated for 12 h. Cells were fixed with methanol and stained with 0.1 µg/ml of DAPI. DAPI staining and visualization under a fluorescence microscope showed that cells with condensed or fragmented nuclei were in apoptosis.
Flow cytometry
Cultures of cells at 70% confluency were treated with 100 mM/L cisplatin or exposed to UV (45 J/m 2 ) and then further incubated for 24 h. Flow cytometry was performed as described [12] . Fluorescence-activated cell sorting (FACS) was performed with a Becton Dickinson FACSort apparatus and used to quantitate the apoptotic population based on DNA levels.
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The siRNA sequence that we used is listed as the following: Aurora-A, AUG CCC UGU CUU ACU GUC A; Bcl-2, GCU GCA CCU GAC GCC CUU C; control siRNA, UUC UCC GAA CGU GUC ACG U. Cells were seeded onto 60 mm plates for 24 h and transfected with siRNA or control siRNA for 48 h using LipofectAMINE 2000 according to manufacturer's instructions. To assess the effect of Aurora-A downregulation on sensitivity of cisplatin, UV-induced apoptosis in EC9706, Aurora-A siRNA-(50 nM/L) or control siRNAtransfected cells were plated in 96-well plates for 24 h and treated with various concentrations of cisplatin (5, 10, 15 µM/L) for 72 h. Cell viability was evaluated by MTT assay as described. Cisplatin (60 µM/L)-or UV (45 J/m 2 )-induced apoptosis was quantified by Flow cytometry assay as described. In addition, to assess the effect of Bcl-2 downregulation on Aurora-A's survival in KYSE150/GFPAur cells, Bcl-2 siRNA-(100 nM/L) or control siRNA-transfected cells were plated in 96-well plates for 24 h and treated with various concentrations of cisplatin (10, 15, 20 mM/L) for 72 h. Cell viability was evaluated by MTT assay as described. Cisplatin (100 µM/L)-or UV (45 J/m 2 )-induced apoptosis was quantified by Flow cytometry assay as described.
Statistical analysis
All data represent at least three independent experiments. Statistical comparisons were made using Students't-test. P<0.05 were considered to represent a statistically significant difference.
Results
Generation of Aurora-A overexpressing transfectant clones in KYSE150 cell line
Overexpression of Aurora-A protein in ESCC has previously been reported by us and others [9, 10] . The expression of Aurora-A using a panel of ESCC cell lines was further investigated by Western-blot analysis. As shown in Figure 1A, all tumor cell lines expressed detectable levels of Aurora-A protein. To explore the possibility that Aurora-A may regulate cell proliferation and cisplatin-, UV-induced apoptosis, KYSE150 cells which had relatively low levels of endogenous Aurora-A expression were stably transfected with an empty vector, pEGFP, or pEGFP-Aurora-A, a GFP tagged full length Aurora-A expression vector. Cells were selected with G418 and screened using GFP fluorescence for clones that stably express GFP-Aurora-A protein. The identification of transfected clones was further confirmed by Western blot analysis, RT-PCR and immunofluoresence. Totally, 11 stable GFP-Aurora-A clones were established from the KYSE150 cell line, which expressed fusion protein of GFP-Aurora-A (73 kDa) ( Figure 1B ). Compared to the relatively low levels of endogenous Aurora-A in parental KYSE150, those isogenic cells expressed at least 2-3 folds more Aurora-A. Then two Aurora-A overexpressing clones and one vector control clone were selected for further analysis. We designated these two clones KYSE150/ GFP-Aur-1 and KYSE150/GFP-Aur-2, respectively, while the vector-transfected clone was termed KYSE150/GFP. Western blot analysis was employed to confirm these two clones. As expected, a 73 kDa band, corresponding to GFPAurora-A, was detected in these two clones ( Figure 1C Figure  1D , after electrophoresis of RT-PCR products, there were only weak Aurora-A amplification band in KYSE150/GFP In addition, Aurora-A overexpressing clones were further confirmed by immunofluorescent assay. As shown in Figure  2A , GFP fused Aurora-A, ectopically expressed, localized to centrosome, mitotic spindle and poles in metaphase and anaphase, whereas in telophase the GFP-Aurora-A primarily mainly co-located at the spindle pole. The Aurora-A staining is consistent with that reported elsewhere [7] . Aurora-A is also a centrosome-associated regulatory molecule and oncogene, the overexpression of which leads to centrosome amplification [11] . As shown in Figure 2B , KYSE150/GFPAur cells contained more than two centrosomes.
Aurora-A overexpression stimulates cell proliferation and colony formation
We examined the effect of Aurora-A on cell proliferation. Growth curves demonstrated that growth of the KYSE150/ GFP-Aur cells significantly increased compared with the KYSE150/GFP cells ( Figure 3A) . For the colony formation assay, the rate of colony growth was more obviously increased in the KYSE150/GFP-Aur cells. The colonies from KYSE150/GFP-Aur cells ( Figure 3D and E) were much larger than those from the KYSE150/GFP cells ( Figure 3C ). The numbers of colonies were also much more in KYSE150/GFP-Aur cells compared with the KYSE150/GFP cells ( Figure 3B ). These results indicated that the Aurora-A overexpressing cells strongly promoted cell proliferation in vitro.
Inhibitory effects of Aurora-A overexpression on cell death
We next examined if Aurora-A overexpression protected cells from cisplatin and UV-induced cell killing by employing MTT and clonogenic survival assays. When cells were treated with escalating concentration of cisplatin, as Figure 4A , KYSE150/GFP-Aur cells displayed a significantly increased survival, showing 20% greater than KYSE150/GFP cells. Similarly, cells were exposed to UV (10 J/m 2 ), then the percentage of surviving colonies after 10 days was assessed. After UV irradiation, cell survival decreased to about 20% in KYSE150/GFP cells as determined by the average percentage of colony numbers, whereas more than 92% and 90% of the related untreated control cells KYSE150/GFP-Aur-1 and KYSE150/GFPAur-2 cells, respectively, survived ( Figure 4B and 4C) . These results indicated that overexpression of Aurora-A rendered cells resistant to cisplatin and protected UV-irradiated cells from death.
Overexpression of Aurora-A inhibits cisplatin and UVinduced apoptosis
To determine whether increased survival of KYSE150/ GFP-Aur cells after cisplatin and UV treatments was due to Aurora-A inhibition of apoptosis, the morphologic changes in cell nuclei were examined by a fluorescent microscope. When KYSE150/GFP cells were exposed to UV irradiation (30 J/m 2 ), DAPI-stained KYSE150/GFP cells showed condensed or fragmented nuclei, which is characteristic of apoptosis ( Figure 5A-1) . Cells incubated for 12 h after 20 µM/L cisplatin treatment displayed similar results (data not shown). These results demonstrated that the KYSE150/ GFP cell death was probably due to apoptosis. In contrast, KYSE150/GFP-Aur cells were resistant to cisplatin-and UV-induced cytoxicity, as manifested by little change in cell morphology ( Figure 5A-2 and 3) . Furthermore, we evaluated the degree of apoptosis by percentage of hypodiploid cells. Cisplatin (100 µM/L) and UV (45 J/m 2 ) treatments resulted in higher percentage of KYSE150/GFP cells in sub-G 1 phase as compared with KYSE150/GFP-Aur cells ( Figure 5B and 5C ). The apoptotic portion (sub-G 1 ) of KYSE150/GFP-Aur cells was decreased 1.5 folds, compared to the KYSE150/GFP cells. These results indicated that the degree of apoptosis in KYSE150/GFP-Aur cells 
Overexpression of Aurora-A inhibits caspase-3 and PARP cleavages
We further examined the effect of Aurora-A on cleavages of caspase-3 and PARP. As shown in Figure 6 , the noncleaved caspase-3 in KYSE150/GFP cells was much less than that seen in KYSE150/GFP-Aur cells after cisplatin (10, 20 , 40 µM/L) and UV (10, 30, 45 J/m 2 ) treatments, suggesting a strong cleavage of caspase-3 in KYSE150/ GFP cells, although cleaved caspase-3 was not detected in the experiments. Moreover, cisplatin and UV treatments 
Downregulation of Aurora-A results in increased sensitivity to cisplatin-or UV-induced apoptosis
To further confirm the role of Aurora-A in resistance to anti-cancer drugs, we examined whether downregulation of Aurora-A correlated with enhanced susceptibility to cisplatin-and UV-induced apoptosis. The endogenous Aurora-A expression in EC9706 cells, which was relatively rich in ESCC cell lines, was downregulated using siRNA strategy. As shown in Figure 7A , Aurora-A protein level dramatically suppressed in EC9706 cells by the siRNA targeting Aurora-A in a dose-dependent manner but not by control siRNA. To assess whether suppression of Aurora-A enhances anti-cancer drugs sensitivity, 50 nM/L Aurora-A siRNA-and control siRNA-transfected cells were treated with cisplatin (5, 10, 15 µM/L) for 72 h and analyzed with MTT assay. As shown Figure 7B , control siRNA-treated cells displayed higher percentage of viable cells upon cisplatin treatment compared with Aurora-A siRNA-treated cells, which is consistent with our observations that Aurora-A overexpressing cells exhibited enhanced cisplatin resistance. Furthermore, downregulation of Aurora-A by Aurora-A-specific siRNA exhibited higher levels apoptosis upon cisplatin and UV treatments compared with control siRNA-transfected cells by percentage of hypodiploid cells ( Figure 7C and 7D) . These results indicated that siRNAmediated knockdown of Aurora-A can enhance sensitivity of these ESCC cells to anti-cancer drugs.
Overexpression of Aurora-A upregulation of Bcl-2 expression
To further evaluate the mechanism by which Aurora-A overexpression cells were relatively resistant to cisplatin, npg UV-induced apoptosis, we examined the expression of apoptosis-related Bcl-2 family member. It was found that expression of Bcl-2 in KYSE150/GFP-Aur cells was higher than KYSE150/GFP cells ( Figure 8A ). Next we sought to determine whether anti-apoptotic effect of Aurora-A is mediated by its upregulation of Bcl-2. Treatment of KYSE150/GFP-Aur cells with siRNA targeted for Bcl-2 significantly inhibited Bcl-2 protein expression in a dose-dependent manner compared with control siRNA ( Figure 8B ). Furthermore, control siRNA-treated cells displayed higher percentage of viable cells upon cisplatin treatment compared with Bcl-2 siRNA-treated cells ( Figure 8C ). Moreover, KYSE150/GFP-Aur cells treated with Bcl-2 siRNA significantly enhanced sub-G 1 DNA content upon cisplatin and UV treatments compared with control siRNA-treated cells ( Figure 8D and 8E) .
The results demonstrated that expression of Bcl-2 was upregulated following overexpression of Aurora-A and that the deregulated expression of Bcl-2 (the apoptotic antagonist) contributed to anti-apoptotic effect of Aurora-A overexpression. 
Discussion
In this study, Aurora-A overexpression results in KYSE150 cells phenotypic alterations including cell proliferation and apoptosis. We demonstrate that Aurora-A overexpression significantly enhances the ability of KYSE150 cells to proliferate and renders cells more resistant to the apoptosis induced by cisplatin and UV. Since many anti-cancer drugs result in DNA cross-linking damage as UV does, the findings in this report are highly of clinical relevance. The results presented in this report describe the inhibitory effects of Aurora-A on apoptosis, which go along with the previous reports [12] . Conversely, siRNA-mediated reduction of Aurora-A expression results in increased sensitivity to cisplatin-and UV-induced apoptosis. Our findings suggest that Aurora-A overxpression can contribute to anti-cancer drugs resistance of ESCC cells. Apoptosis is one of the critical biological factors that correlate with the biological behavior of malignant tumors including cancer progression and poor clinical outcome [14] . Overexpression of Aurora-A kinase has been reported to correlate with ESCC occurrence and progression [10] . Thus, Aurora-A inhibition of drug-induced cell death may not only account for the failure of standard chemotherapy but may also further help explain why Aurora-A overexpression contributes to malignant phenotype of ESCC.
In mammalian cells, two major apoptosis pathways are proposed: the first one involves signals transduced through death receptors; the second relies on a signal from the mitochondria [15, 16] . Both pathways are involved in an ordered activation of a set of cysteine proteases called caspases [17] . Caspase-3 is a major executioner caspase that is cleaved and activated by the initiator caspase [18] . The active executioner caspases cleave each other and caspase-3 cleaves PARP, which result in caspase-dependent apoptosis [19, 20] . In this study, we investigated the role of Aurora-A in regulating cisplatin-and UV-induced apoptosis. We report that cisplatin and UV can induce apoptosis involving a caspase cascade including cleavages of caspases-3 and PARP in KYSE150 cells. More importantly, we show that overexpression of Aurora-A protects KYSE150 cells from cisplatin, UV-induced apoptosis and inhibits caspase-3 and npg PARP cleavages. Thus, these results indicate that overexpression of Aurora-A can inhibit cisplatin-, UV-induced apoptosis, probably through interfering with the caspase-3/PARP pathway. Bcl-2 is believed to be primarily involved in suppressing apoptosis and regulating cytochrome c release from mitochondria induced by stimuli, including UV irradiation and many cytotoxic drugs [3] . We report that the expression of Bcl-2 protein increases after tranfection of Aurora-A. Probably, the increased expression of Bcl-2 prevents cytochrome c release from mitochondria and in turn leads to inactivation of caspase. Conversely, siRNA-mediated reduction of Bcl-2 expression abrogates the Aurora-A's effect on inhibiting apoptosis. These data therefore suggest that the inhibitory ability of Aurora-A on cisplatin-, UV-induced apoptosis might be through upregulation Bcl-2 expression. However, the molecular mechanism(s) by which Aurora-A increases expression of Bcl-2 protein remains to be elucidated in the future study. Recently, several targets that are phosphorylated by Aurora-A kinase have been identified, including the tumor suppressor protein p53 and HURP (hepatoma upregulated protein) [13, 21] . Aurora-A overexpression leads to increased degradation of p53 and stabilization of HURP, causing facilitating oncogenic transformation of cells. Therefore, it is speculated that one of possibilities might be that Aurora-A is able to phosphorylate Bcl-2 protein and in turn stabilizes this protein.
In summary, these data provide interesting evidence that the molecular events involved in overexpression of Aurora-A inhibition of human ESCC cells apoptosis. Overexpression of Aurora-A can contribute to anti-cancer drugs resistance of ESCC cells. Further, Aurora-A inhibition of cisplatin-and UV irradiation-induced apoptosis, suggesting a novel mechanism that is closely related to Aurora-A-induced tumorigenesis and progression. We have demonstrated that Aurora-A knockdown may increase the sensitivity of cisplatin and UV induced apoptosis in ESCC cells. The siRNA oligonucleotides used in this study are potent tools for modulating the Aurora-A gene expression and they may be developed into attractive antitumor therapeutics. Therefore, further understanding of the signaling pathways that Aurora-A controls apoptosis in the human ESCC will help with the discovery of novel targeted agents, and may lead to the development of new approaches for effective therapy.
